' OC)VL'T 7éé) T4 - 3
LA-UR -76-2009 i‘i'fl'i‘:) iiﬂ

TITLE: STATUS OF THE INJECTOR COMPLEX AT LAMPF

AUTHOR(S): Joha R. McConnell, Ralph R, Stevens, Jr.,
Paul W. Allison, and Earl A. Meyer

SUBMITTED TQ: Proton Linear Accelerator Conference,
Chalk River, Ontario, Canada,
September 14-17, 1976.

By acceptance of this articli for publication, the
publisher recognizes the Government's (license) rights
in any copyright and the Government and its authorized
} representatives have unrestricled right to repreduce in

whule or in part sasid article under any copyright
( secured by the publisher.

The Lox Alamos Sclentific Luboratory requests that the
publisher identify this article as work performed under
the auspices of the USERDA,

NoTICE
T report way prepusd a8 an dcxnemt af work
° wonmred by the \inted Maise Gowenment Newiher
the lnHed States mor e Usiind Stales Famvyy
Rewarch and Development Adwimsirstion, sl any of

scientitic laboratory thew " cmploren, e am_ul thew comtrcion,

whronirarion, of (helr  smployess, males amy

anty. oy ot imphed, o1 smwnm Lns legal
of the University of California Rty o by T s s complenen
LOS ALAMOS, NEW MEXICO 87544 B e et w10 wold et

An Affirmative Action/Equal Opportunity Employer

Furm No. Rib ”Nl'”‘:l) STATES

.\‘Il‘".\':;. o I::NHH(EY RESEARCH AND

A DEVELOPMENT ADMINISTRATION
CONTRACT W.7405.ENG. 18


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


sty ey b

STATUS OF THE IRJECTOR COMPLEX AT LAMPF®

John R. McConnell, Ralph R. Otevens, Jr., Faul W. Allisaon, Earl A. Meyer
University of California
Los Alamos Scientific Laboratory
Los Alamos, Mev Mexico 87545

Abstract

The injector complex at LAMPF consists of
tvo on-line injectors which provide simultanecus H*
and B~ beams for dual beam operation of the linac.
A hird polarized ion inj)ector is now under con-
struction and vill provide polarized H™ beams. Pro-
duction runs at LAMPF nov employ 100 uA avernge H*
bear simultaneously with up to 10 uA average of H~
beam; operational experience and tuning procedures
required for dual-bean operation are described. The
design of the ion sources, accelerating columns and
beam choppers novw in crperation is revieved, A dia-
cussian of the high voltage problems involved in the
operation of these injectors with high duty faector,
high pover beams topether vith a detailed descrip-
tion of the englneerirg of the acvelerating tube and
of the control circuits and fast protect systems nov
employed to achieve lov fault rate- is preseated.

I. Introduction

The injector complex at LAMPF has three
TS50 kV injectors and associated beam transport
lines to provide a variety of beams for operation of
the LAMPF accelerator. The unique featurea provided
by this syrteu of injJectors are high duty facter
operation (6% duty factor now cperational and copa-
bility of 1°% Operatiua; and the flexibility to pro-
vide simultaneocus inJection of both II* and H~ beams
to the linac. This dual becam capability provides
tvo independent heams at 800 MeV [or use in differ-
ent experimental areas. A sche stic diagram of the
injector complex is shown in Fig. 1.

There are Lvo operational injectors now on-
line, vhich provide high intensity H* and low

intensity R~ beams. A third injector vhich will
provide polarized ion beams is under construction.
At present LAMPF is operating with simultaneous
production beams of 100 uA average of H* and up to
10 yA average H- at 6% duty factor (120 Ha with
500 us pulse duration).

The general operation of the injectors has
been quite reliamble. During the last three months
of production, the accelerator has achieved an on-
time of over 80% overall and the injectors have
been respansible for only 5% of the total downtime.

II, Ton Sources

There are three ion sowrces in the injector
complex, esch source being boused in a separate

injector. The H* ion source’ is a nigh pover duo-
plasmatron based on the Prookhaven design and is
capable of 12% duty factor operation at 50 mA peax
rurrent, Althougih production beams at present re-
quires only 2.1 mA peak current (100 uA average
captured beam), the ¥* injJector is being operatad
at coneiderably higher (25 mA) peak current with
current limiting being effected in the lov energy
bean transport line. The ion source expansion cur,
Pierce anode, and extractor electrode have been
apertured to limit maxipum current to 3€ mA output.
This comprom!se allous the source to be operated in
the 20-25 mA range during production runs without
excesslve violation of the Plerca acceleratiun ccne
ditions and to be operated at design peak current
(36 mA) for machine development periods. The orig-
inal design, 50 mA 1lon source, will be employed
vhen production beam requirements increase. The
ion source has proven to be quite reliable with

Fig. 1.

Layout of the injector compl. < at LAMPF.
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filazent replacement being the major maintenance;
filament Zifetimes of 3000 hrs can be expected. The
source nominally operates with a chamber pressure of
200 u, a HZ flov of 1.2 std c¢c/min, and an arc

current of 8 A for 25 mA output.

A modification to the ion source pulsing
system vas made when a need arose to have the in-
tensity of every tenth pulse attenuated. A circuit
to provide this 1-in-10 atteruation was designed,
which consists of a suitable resistor, paralleled
by a SCR, placed in the line betwveen the arc mod-
ulator and jion source. The SCR is triggered through
a pulse transformer for each norrmal beam pulse, thus
applying full arc pulser voltage to the lon source.
No trigger pulse i3 transmitted on the 10th pulse
and very low ar: pulser voltage is then applled to
the source on this pulse, thus producing an attenu-
ated beam pulse. A current recuction of the order
of 100-200 is obtainable after the first transport
bending magnet. The system has been expanded to
provide additional attenuation of the lov current
puvlses by using additional pulsing on the H* chopper
plates (cee Fig. 1). This permits the 1-in-10
pulsing mode t> 3upply nA peak current pulses to the
linac and thus, provide up to six orders of magritude
attenuation.

The H ion source? is a hydrogen charge ex-
change source and is capable of producing a maximum
beam of 1 mA peak at 6% duty factor if pushed. The
peak current obtainable is dependent on duty factor
and decreases as duty factor is raised, presumably
because of the change in molecular species ratlo.
Normelly, the source is operated in the 500-600 LA
range which givas component lifetimes of the anode
aperture, extractor, and canal electrodes of sirx to
seven montha., The lifetimn o' the anode aperture
was greatly increased by using a molybdenum insert,
vhich was pressed into the expansion cup and the
aperture opening. The extractor and canal electrodes
ar= fabricated of 7i; rart of their fallure results
from hydrogen embrittlement. If the source were
operated at maximum peak current the lifetimes would
be greatly reduced at high duty factor operation.
The source operating parameters for a 600 uA beam

5

are 4.3 cc/z'n H, flov, dome vacuum of 1.7 x 10" ’torr,

and arc current of 12-1L A,

The polarized ion source being constructed

is a Lamb-shift source3 patterned after the sources
nov in operatic” on the Tandem Van de Graaff accel-
erator in the Physlecs Divisfon at LASL. The Cock=-
croft-Walton power supply ia ln operation, lon
source components and other rquipment are being in-
stalled in the equipment dome, and the accelerating
tube is being ansermbled. The source is expected to
produce 0.5 uA peak current when it goes into oper-
ation early next year.

III. Cockeroft-Walton High-Voltage Generators

Since the operation of LAMPF requires the
simultaneous accrleration of H* and H™ beams, the
requirements ca injector voltage stabiliiy and meas-
urement are rather stringent. The approach used has
been to carry out independent, absolute volinge cal-
{bration on the “wc lnjectors and to provide a re-
dundant voltege measuring system to insure that

toen 'A\hiu
nonbie

e b

accurate measurements of injector voltage are being
made. The beams also can be checked with phase
scans i{n the linac, vhich insure that the beams do,
in fact, have the same injection energy.

1n order to improve long-term stability in
the tvo on-line injectors, several modifi:ationa
vere made to the Cockcroft-Walton high-vnitage
generators. The reference pover supply was replaced
with a digital dial Fluke voltage calibrator which
has long-term stability of 0.305%. Precision, low
temperature coefficient resistors have been used in
the lcv voltage comparison circuits. The reference
voltage has been increased from 170 V to 750 V.
Filnally, a surge {nductor was iesi/ned to compensate
for the rolloff of the frequency resaporse on the
compensated voltage divider leg and has teen in-
stalled betveen this leg and the slow statilizer to
protect the low voliage components from spark dazage.

The most precise measurement of “he voltare
{s carried out on the compensated voltage d{vider
and 0.01% precision {3 easily obtained. The -om-
pensated divider constitutes one leg surgorting the
equipment dome and consists of five sections of vire-
vound resistors provided by Haefely. Each secti:n
has & nominal impedance of LIS M@ ahunted by .50 ¢F
in series with 87 il. A spare section was measure.!
by the National Bureau of Standards andi “hen
to calibrate all the sections of the H* ard U= our-
pensated dividers at their normal operating voltase,
The compensated dividers are Jpside the sinw -~ontr:l
loops, but as lonz as there i{s n> malfun:=i:n in e
divider, its reading is the real {njle:* voltate,
Hovever, this reading will always agree h the
reference vollage a8 lung 83 Liore (5 Kae1.dte Jain
in the control loop even wher there i3 a malfunat!y
in the compensated leg, so 3 r~iundan® measurere:;®
is desirable. There i3 a serdnd indepenisnt valoyoe
divider (vhich is uncompensated) that car ala:> te
used to measure the esquirment ‘sme potencial.
fortunately, it 13 rot as pre:isr a meac.rings tonl
(and in fact was not desimned to e 30 usei’ ain-»
it i{s subject o temperature ani volitare Irifes, and
in practice {t is necessary to allov tie rendins n
this voltage divider to atabil!ze and then note i~-
viatioas from the atabilized value.
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Two other checks can be made to mscertain i
the two injectors are indeed cnlibrated and cpera-
ting at the same potential. The aquipmernt lomes -an
and have been connected together; then by runnins -ne
supply, it ls possible tn compure both iividers.

Prior to the calibration of the divider network us!-
1izing the NBS caiibrated section, the iomes, when
tied together, differed by 2.29% polnting out *he
need for better calibration. As Indica‘=d previously,
phase scans of the and H= beams Iln the linac can

be used to check if the same energy is heing employed.

The Cockcroft-Walton power supply for H*
scceleration operates at 750.0 kV; its control aystem
is {llustrated in Fig. 2. Beam operation requireu
pesk currents out of the column in ‘he range of 17 to
35 mA with a maximum repetitinn ,/at of 120 Hz and
500 us pulse width. To minimlze the voltnze iroop
on the dome during the beam pulse, charge in supplied
by the bouncer cirruit through the center leg of Lhe
symmetric cascade rectifier. Oboervation of the dome
voltage droop and ripple is mavailable through the use
of a capacitive voltage divider. This divider la
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rig. 2.

sayacitor Lnit; one tapacitor
afriitance tetween ne sile

mounted on the we.. 37 the Farnday te, Ve Miner
capacitor (s a g*ri{ea ‘aja-i2une r:nneted Letveern
the vall plate ani grondg acenas whileh {2 vagen the

voltage sigra..

A wvall plate aoplifler {3 zonneeted acrcaa
this capacitarce Liv{der and gerves a =multiyle pur-
pose of proviii:sy, s salilratel sulpus %7 the tontvol
room and to the faz® jratect maidie, whish anats off

the jon source ! € *ne yritnse iP~cT exceela 4 preset
For thegse eyw- g 2o ionz the lnpat {8 the

value.
voltage proviic) 'y one wa rinte {lvider %erzed
the proporti ranl sifmal. The sSther getian 2f the
amplifier btonri canstitutes the Louncer control jre-
amplifier. n this sestlisn ohe proportional slsmal
is mixed vith tre ra%e siomnl Uron the cozmpensuted
leg, forming 2= inpu® °: %ie luefe.y "aW Louncer
elrcuitry. Jaiflratisn of the wall rinte amrlifler
is sccompliched by nryp.yinn- a 10" YV 3juare wave to
the dome, The mennarei 4 ziin =ljrle ~n the xme
rapges from =5 V i'=I', The beam dront can te rain-
talned flat in the range ~7 12 to 300 ¥V over the
full 500 .e beam pulse.

1V. Accelerating Cclumms

The same basic denigsn of accelerating col-
ums §s used on all three !ntcctors at LAMFF, The
accelerating tube (a hell tetueen *wo cones with an
intermediate beliova ani kept in compression by
sean3 of s large “ranypnrent iucite eylinier. »if-
forent seta of elestraldes arr used vithin the accel-
erating tube derendirng on the peak currents to be
accelerated and thus, on the {on source employed.

In general, the accelerating columna have
operated an expected. n the H* Injector, howvever,
1t vas found thnt wi*h the (nitial Jdealen of the
accelerating clectroder, the arcdown rate for the
design currente war dependent on duty factor (prima-
rily repetition rair) and wau unacceptable for high

' Cockecroft-daltan cantrol cir-ultry.

duty operation. The arcicwn protles vas {nvestisatad
{n detail and n nu=ter 3¢ hanges were cade ta%h In
the accelerating 20.umn and in ore ‘iogrp-feadal o
egenerator o elizinate this praoblem. o yratlem taa
teen exyper{enced in the i:v pear zuprent :yerati:n
ezployed {a the ¥ In'ector, whish cperates at “he
same duty factor.

In the original desigrn 57 the H* actelerasing

solunn, an exact Plerce geamerry wus wed with elis:e
trode apertures only slightly larger then the Srsiom
beam, it was found that these apertures were o0
azall for real teams anl bLeam {=plncement fazags wns
found on mogt =lectrodes. Fars o7 this damase vay
due to an operaticn with =isallzned teams priiuse!
wher an extracticn insert melte], 1% was le
redesipgn the electpidas with larger hea= aporiuire:
ard to use an electrode at eansi. voitae aurdivizion
peint of the aczeleratirz tuke ap shown in Fig, 3.
Electrestat!: caleulaticna vers =ade °>» chesi the
effects of (ncreasing elecirsde apertiure wni the
sufficiency of the nuzmter > eleztrodes e=gloye!.

As expected, the malor deviatiorn fro= Flerse oon-
dition occurs in the extracter region and e cemysr-
mise design empioying a maller extracear sferture
ves used. The final design emplcys 15 T1 electreies
instead of 9, and the electrode srerture La) teen ine
ereased from 2 com to 4 ca Jdiameter.

In order to preclude any possitle Jamapr -
the accelerating tube electrodes, current sens>r:z
have been installed In the voltage dividing network
and error signals due to any veam inoringements are
tied into the fast protect systerm and turn o277 °he
ion source. In practice, {on source tuning s -
longer critical vith the larger electrode speartures
and these fast protect channels are usually only
tripped vhen large errors in ion source tuning are
made or vhen pover supply fallures oceur.

The time required to high voltage condition
the accelerating column after venting has been con-
siderably reduced. This is accomplished by veniing

i opa
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wous operation since tesr vepe carpied out T montha

afo., It has nct really been established that the
gresent low fault re%e {# entirely due to this moi-
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conditioning perind vith high team pover operaticn.
Perhapr , af2er this long conditioning time for the
column, & suck lover arcdown rate wuuld be produced
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Pig. 5. Injector beam transport systen.

In the longitudinal phase space, the bteam
energles oust be the anme go as not to Induce lensia
*udinal oscilla%ion in the linac. Both bearr pns:
through the =ain buncher, vhich is set *o btunch tie
high current 4° bean. Separate predbunchers are y---
vided upstrenzs in beth btenrm lines 8o that acme (n-
lependrat centirel on longltudinal phace space ~an te-
effected for each beam. The bunching is optiaize?
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* for the H* besa and some overburching will occur in
the lower current H™ beam.

In the transverse phuse space, the tuning is
sore complicated. The H* tean I8 arain considered
the primary bear und !s *uned first 2o produce a
vaist in the tuncher. =mittance scans are then :aken
at this point and the juadrupole ~rallents of the
final tvo doublets wre set ty aatch 2nils beuns to the
1inac. Once this match |s established, the rejuired
low current H™ beam chat must be praduced at this
sale emittance =easur!ns statlon tc five a simultan-
eous match for zne ¥ tean {s calcuinted by running
the = beam backwards in the tranaport calouletion,
Thea, intermediate exzi?ianze =casurements are nade
on the H" beam and the =atonines from the intermediate
emittence station o tne finmal e=!tzance stazion !a
carried out. The firal dourlets ar- le’t at the
gradients previously delerzlined f:r =L H* peam.

Some tuning of the juadrupoles ursiren= of the inter-
mediate emittance station in the 5~ “eam transport
line is usually rejuired to achiweve an overall =mateh.
The H™ beam in genersl does not have a waist in the
final buncher, but the dea= size !3 siequately small
and emittance learadation {n the final burcher ls
usually not as zuch a prodblea as in %he prebunzhers,
vhere {t is difficult %o achieve s=all beam sizes.

Initially, i* vas plannei t> irject both
bauas inte the linac on the linac ax!ia on practice,
it bas prover exteilent to ieparai: the %vo beams in
the vertical piane %> -ompensate for an offiet fur-
ther dovn the li:iac. Fixed apertures wvere i‘rnaimnlled
i{o the final sexticn 57 the Lea= “ranaport line to
constrain the two teams %o the same axisz and (< las
been necegsary - anlarsse Shaja areprtiirey terrorarily
to permit tnls separation uhd %0 rer=it hlah peak
current tess to> be conducted. 2nolce cf
sperture slze has no% beern =stablizhed,

The Tinal

Producticn bea=s %o !ate /179 A average ¥*
bean simultarecur wizh up 27 L0 LA HY peam) have not
required guffislent y Rigl, reaz ~urrents of Y teax
to make th? juairursle prallients 3¢ =nr final lout-
lets Aiffer agrreziatly from %he zor- current aie,
Thus, the aatching Has nit ye= [<30) any real prot-
lea or comprozise in runsn! tanesus bewms,
Bovever, as *he "* raar cusrent 13 rilsnd, the ora-
dients of the Tinal doull eve mave Lo Ye sigmifa
icantly increasel >~ =at Lisher nank currents
to the lirac and *he <umnins 28 she ¥ Lenm will have
to be adjusted for eazh value of Y* -eax current.

The buncher ampiltude w!ll als te palsed ag ohe u*
peak current {s inTreased, byt nin change shoull

have only a =inor effezs in lonsitutiznal mateling,
since the firs: tank <f the i'nas i3 iegismei o
effect proper talloring -f he lungi®iiinal emittance,

Theoretical solt{7ns %o ankisve the dual
sateh have been achlevad for mos: arcizipn-eq beams
using the beaz enve.ya “pransport o~ le TRATH, It {2
nov knowvn, howvever, %hat the resilts of the calcula=-
tions are not in agreezent wih ohserved explrical
aatching gradients needel for fuily bunched, high
peak current bearma, There {s no diswrreement for the
lov peak currer.t bteama. ‘lcre Jdetalind computer aim-
ulations are now beinpg considerei,

The common portion of the bheam transport line
bas bdeen made as shor: ac rosciti~ 39 tpat there {3
no significant distortiorn of “he °runaveriaec phnse
space distributicns of the low currant 1= beama by

b g Y
ot by '

the high current H* beams. Thus , matching exer~i{ses
can be done independently and then the beama super-
imposed. It ia anticipated that as the H* beam
current increases there vill be increasing aifficulty
in achieving exact match for the H® bLeam and that
bean spill in the linac from the H™ beam @ay limit
the amount of Y~ beam that can bte aimultunecusly ac-
celerated. Experience to iate {ndi:cautes that the
higher emittance H- beam 13 hardcr t. tune than the
higher current, but lover cmittance H' beanm,
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